Background: Esophagogastroduodenoscopy (EGD) is generally indicated for the management of patients admitted to intensive care units (ICUs) with upper gastrointestinal (GI) hemorrhage but its impact in community practice has not been measured. Thus, the effectiveness of 3 EGD factors, viz., accurate initial diagnosis, performance within 24 hours of admission (early EGD), and appropriate intervention, was examined. 
Critically ill patients with upper GI hemorrhage (i.e., patients who are hemodynamically unstable or have a massive hemorrhage) are generally admitted to an intensive care unit (ICU). Ideally, EGD is performed in the ICU after the patient has been resuscitated and stabilized, and endoscopic therapy is delivered when findings indicate. Observation of patients who are not likely to have further bleeding in the ICU is costly and may be unnecessary. Conversely, transfer of a patient out of the ICU to a less intensively monitored setting is not desirable if the patient develops recurrent bleeding soon after transfer. Data on the incidence of recurrent bleeding, need for surgery, and the appropriate or inappropriate use of the ICU in these patients are lacking. Information regarding the utilization of EGD and the ICU for patients with upper GI hemorrhage who are treated in the community would be of particular interest.
A previous investigation demonstrated that early EGD is associated with shorter hospital stay and reduced risk of recurrent bleeding and surgery in patients hospitalized with upper GI hemorrhage. 10 Thus, the hypothesis of the current study was that Endoscopy clearly has changed the management of patients with upper GI hemorrhage. Techniques that include injection therapy, thermal contact, and laser coagulation have been associated with reductions in mortality, recurrent bleeding, and rate of emergent surgery in patients with peptic ulcers that have certain defined endoscopic stigmata. [1] [2] [3] Endoscopic therapy of bleeding esophageal varices with injection sclerotherapy or band ligation is also associated with improved patient outcome. 4, 5 Early EGD with demonstration of a clean-based ulcer leads to early hospital discharge. [6] [7] [8] [9] [10] early EGD would also be associated with shorter ICU stay and risk of recurrent bleeding and surgery in the subset of patients who require ICU admission. Furthermore, inaccurate diagnosis at initial EGD or lack of appropriate endoscopic intervention 3 could lead to a higher transfusion requirement, greater rate of recurrent bleeding, higher rate of readmission to the ICU, and a higher rate of surgery. Because patients being treated in the community were retrospectively studied, previously validated measures 11, 12 were utilized to adjust for differences in comorbid diseases and severity of illness across treatment groups.
PATIENTS AND METHODS
Patients were identified from 10 hospitals that participated in 1994 and 1995 in Cleveland Health Quality Choice (CHQC), a regional program to evaluate hospital performance. The study hospitals included 3 institutions with accredited gastroenterology fellowships, 5 hospitals with accredited residency programs, and 2 hospitals that were nonteaching. To measure hospital performance, CHQC specifically abstracted data from the hospital charts of patients admitted to the hospital ICU with common diagnoses, including GI hemorrhage. Eligible patients were identified from the CHQC ICU database on the basis of the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes for esophageal varices with bleeding; Mallory-Weiss syndrome; gastric ulcer with hemorrhage; duodenal ulcer with hemorrhage; peptic ulcer, site unspecified, with hemorrhage; gastrojejunal ulcer with hemorrhage; gastritis with hemorrhage; duodenitis with hemorrhage; angiodysplasia of the stomach/duodenum with hemorrhage; and hematemesis.
Hospitals that participated in the study were individually contacted. Consent from the institutional review board was not required for the study. The research review board of CHQC reviewed and approved the research proposal. CHQC research guidelines place certain restrictions on identifying individual hospitals, hospital types, and practitioners. These guidelines were strictly followed.
Data
Data were extracted from patients' records by 2 research nurses (B.A.B. and C.S.K.) who had experience abstracting charts for CHQC. The nurses were given data extraction forms and were instructed in the interpretation of endoscopy reports. They were kept unaware of the study hypotheses and aims. The information obtained from chart abstraction is shown in Table 1 . Endoscopic details that were obtained from EGD reports included the source of hemorrhage, endoscopic stigmata of recent hemorrhage (arterial spurting or active bleeding, visible vessel, adherent clot, pigmented spot, or oozing from ulcer edges), and details of endoscopic intervention (injection therapy, thermal therapy, washing of adherent clot, injection of clot with dislodgment, sclerotherapy, and band ligation). Data were recorded for up to 3 EGD procedures including any EGD performed up to 24 hours before hospital admission.
Early endoscopy was defined as endoscopy performed within 24 hours of admission. Stigmata of recent hemorrhage for ulcers or Mallory-Weiss tears were classified as high risk if active bleeding, arterial spurting, or visible vessel was identified. In cases in which there was disagreement about the primary source of hemorrhage, the final EGD report was considered to be definitive. Recurrent bleeding was defined as in prior investigations. 10, [13] [14] [15] Appropriate endoscopic interventions defined for each EGD separately are listed in Table 2 . 3 Inaccurate diagnosis at initial EGD was defined as the identification of high risk stigmata on subsequent EGD when none had been identified at initial EGD or a change in the identified primary bleeding source at subsequent EGD or surgery. Patients who had adherent clot at initial EGD that could not be dislodged and had high risk stigmata at subsequent EGD were not considered to have been given an inaccurate diagnosis. Orthostasis at admission was defined as either a systolic blood pressure decrease of more than 10 mm Hg or pulse increase of greater than 20 beats per minute.
Hospitals were separated into 2 groups on the basis of the number of patients with upper GI hemorrhage admitted per year to the hospital. Those with less than 200 admissions per year for GI hemorrhage as defined by CHQC were classified as low volume hospitals and those with 200 or more admissions per year were classified as high volume hospitals.
The reliability of data abstracted from chart review was confirmed by repeat abstraction of 30 charts by 2 board-certified gastroenterologists (A.C. and R.C.K.W.). The kappa statistics for identifying the source and the endoscopic stigmata of recent hemorrhage were over 0.9. 
Analysis
Two sets of analyses were performed. In the first set of analyses, the association of early endoscopy with number of units of packed red blood cells (PRBCs) transfused, frequency of recurrent bleeding, length of stay in the hospital, length of stay in the ICU, rate of readmission to the ICU, rate of surgery, and mortality were examined. Bivariate associations between early endoscopy and the 7 outcome measures were determined by using chi-square analysis for the 4 dichotomous outcomes and Wilcoxon signed rank test for the other 3 outcomes. Because the units of PRBCs transfused distributions and the lengths of stay distributions were skewed, the natural logarithms of these variables were used in the analyses. Independent associations between the use of early endoscopy and the 4 dichotomous outcomes were examined by using logistic regression. Independent associations between the use of early endoscopy and the other 3 outcomes were examined by using linear regression. The regression models included severity of illness, appropriate endoscopic intervention, accurate endoscopic diagnosis, presence of orthostasis at admission, presence of bright red blood in upper GI tract at admission, presence of bright red blood in lower GI tract at admission, and admission to a high volume hospital.
In the second set of analyses, the subsets of patients who bled from an ulcer (esophageal, duodenal, or gastric) or Mallory-Weiss tear were examined. Bivariate associations of early endoscopy, presence of high risk stigmata, accurate diagnosis, and appropriate endoscopic intervention with the primary outcomes were initially measured. Independent associations of endoscopy with the primary outcome measures were again examined in this subset of patients by using multivariable regression to adjust for severity of illness.
RESULTS
Review of the CHQC ICU database identified 317 admissions with upper GI hemorrhage to the 10 study hospitals between July 1, 1996 and June 30, 1998. Charts were available on 236 admissions of which 16 were excluded from the study because they were transferred from another hospital and 6 were excluded because their primary reason for ICU admission was not upper GI hemorrhage. The remaining 214 admissions comprised the study population. The mean age was 63 ± 18 years and 69% were men. At admission, 55 (26%) patients were orthostatic, 70 (33%) had a bloody nasogastric aspirate that did not clear despite lavage, 74 (35%) had fresh blood in the upper GI tract, and 40 (19%) had fresh blood in the lower GI tract. There were 72 admissions to high volume hospitals and 142 to the other hospitals.
Endoscopy was not performed in 12 of the 214 patients. The mortality of patients who did not undergo endoscopy was 25% versus 4.5% (p < 0.05) for the 212 patients who had endoscopy. The median transfusion requirement (1.5 units vs. 4 units, p < 0.05) and median length of hospital stay (4 days vs. 6 days, p < 0.05) were significantly lower for those who did not undergo endoscopy. The 12 patients who did not undergo endoscopy were excluded from the remaining analyses.
The primary source of GI hemorrhage was gastric ulcer in 81 (38%), duodenal ulcer in 51 (24%), Mallory-Weiss tear in 18 (8%), erosive gastritis in 16 (7%), esophageal varices in 7 (3%), esophageal ulcer in 6 (3%), and others (erosive esophagitis, erosive duodenitis, angiodysplasia, Dieulafoy's lesion, portal gastropathy, unknown) in 23 patients. Early EGD was performed in 166 of 202 (82%) patients and EGD was performed within 72 hours in the remaining patients who had EGD. A second EGD was performed on 47 and a third EGD was performed on 6 patients. Surgery was performed on 12 (5.9%) patients and all of these operations were for bleeding. Resumption of bleeding occurred in 35 (17.3%) patients of whom 7 (3.5%) required readmission to the ICU. Nine (4.5%) patients died. The diagnosis at initial EGD was not accurate in 20 (10%) patients. Reasons for inaccurate diagnosis at initial EGD were failure to identify a gastric or duodenal ulcer Bivariate associations of early endoscopy, endoscopic interventions, inaccurate initial diagnosis, and admission vital signs with the 7 outcome measures for the overall study group are shown in Table 3 . Early endoscopy was associated with a significantly shorter unadjusted median hospital stay in patients admitted to an ICU with upper GI hemorrhage, and the lack of appropriate intervention at the time of initial EGD was associated with a significantly higher number of PRBC units transfused. The presence of orthostatic vital signs at admission was associated with a significantly longer ICU stay and a significantly longer hospital stay. After adjusting for severity of illness, lack of an accurate diagnosis at initial EGD was associated with a significantly adverse outcome in all the outcomes measured ( Table 4 ). The rate of readmission to the ICU (3.5%) was too low for reliable analysis. Furthermore, in the multivariable analysis, early endoscopy was associated with a reduction in length of hospital stay and length of ICU stay. Performance of appropriate endoscopic intervention was associated with reductions in blood transfusion and length of ICU stay.
Bivariate associations of early endoscopy, endoscopic interventions, accuracy of endoscopic diagnosis, and presence of endoscopic stigmata for high risk of recurrent bleeding with the 7 outcome measures in patients whose primary bleeding source was an ulcer or a Mallory-Weiss tear are shown in Table 5 . Inaccurate diagnosis at initial endoscopy was associated with a significantly worse outcome for all measured outcomes except death. The presence of high risk stigmata at initial EGD also tended to be associated with a significantly worse outcome in nearly all measured categories. Reliable multivariable severity-adjusted analyses could only be performed for 4 of the 7 measured outcomes (Table 6 ) because the rate of occurrence was too low for the other 3 outcomes. Inaccurate endoscopic diagnosis was associated with an increase in PRBCs transfused, increased hospital stay, increased ICU stay and greater odds for recurrent bleeding. Early endoscopy was associated with both a shorter ICU stay and a shorter hospital stay. Appropriate endoscopic intervention was associated with decreased transfusion and a trend toward lower rate of recurrent bleeding and shorter ICU stay. The identification of endoscopic stigmata for high risk of recurrence of bleeding was associated with higher transfusion and longer stay in the ICU in these patients. Other clinical factors such as admission vital signs, clearing of gastric lavage, or presence of fresh blood in either the upper or lower GI tract were not associated with any change in outcome in the multivariable analysis.
DISCUSSION
The effectiveness of endoscopy was evaluated in this community-based study of patients admitted to the ICU with upper GI hemorrhage. Four findings that indicate the effectiveness of endoscopy must be emphasized. First, the most striking finding is the association of inaccurate diagnosis at initial endoscopy with an adverse outcome for all outcome measures that were evaluated. The second finding is the association of reduction in blood transfusion when appropriate endoscopic intervention is performed at initial EGD, or in other words an increase in blood transfusion when appropriate endoscopic intervention is not performed at initial EGD. Third, early endoscopy is associated with approximately a 20% reduction in length of ICU stay and a 33% reduction in length of hospital stay. Fourth, the presence of endoscopic stigmata for high risk of recurrent bleeding in patients with ulcers or Mallory-Weiss tears is associated with an increase in transfusions and increased ICU stay. The efficacy of endoscopy has been demonstrated previously. [1] [2] [3] [4] [5] These results demonstrate that this efficacy translates into effectiveness in routine practice. Although inaccurate diagnosis at initial EGD occurred in only 10% of patients, it was clearly asso- ciated with a poor outcome in patients admitted to the ICU with upper GI hemorrhage. In this retrospective study the cause of inaccurate diagnosis cannot be determined, but in nearly half of these patients high risk stigmata were not identified at initial EGD and in the other half the primary source was not identified. Of course, it is possible that the high risk stigmata were not present at the initial EGD and only developed subsequently. However, previous studies have demonstrated interobserver variability in the interpretation of endoscopic findings, even among experts. [16] [17] [18] It is more likely that variability in the identification of visible vessels led to an inaccurate diagnosis and a worse outcome in many of these patients. The reason why the primary bleeding source was not identified at initial EGD in some patients cannot be determined in a retrospective study. It is reasonable to assume that in a majority of the cases the bleeding source was hidden under fresh blood or blood clot. Our results indicate that it is important to search diligently for the bleeding source in such patients. The definitions of appropriate interventions used in this study were based on consensus guidelines 3 but were left undefined in areas where there may not be agreement among practitioners, e.g., appropriate intervention for oozing from ulcer margins was left undefined because some practitioners will coagulate these sites and others will leave them alone. Appropriate interventions, not made in 29 patients with ulcers or Mallory-Weiss tears, included visible vessels that were left untreated at initial EGD in 8 patients. The strength of the consensus guidelines is underscored by the finding that a lack of appropriate intervention was associated with higher transfusion and greater recurrent bleeding rates.
The finding that early endoscopy was associated with a 33% decrease in length of hospital stay for patients admitted to the ICU is almost identical to that of the previous study of all patients admitted to the hospital. 10 Early endoscopy was performed in 82% of patients in the current study as opposed to 64% in the previous study, possibly reflecting the urgency to perform EGD on patients who are admitted to the ICU.
The strengths and limitations of this methodology have been discussed in previous studies on the effectiveness of endoscopy in upper GI hemorrhage. 10, 14, 15 The results must be interpreted while keeping in mind that this is an observational approach, not a randomized controlled interventional trial. To account for differences among patients, validated clinically sensitive methods of adjustment for severity of illness are necessary. 11, 12 Thus, the findings are susceptible to any unmeasured factors that may be responsible for severity of illness. The severity of illness models used in this study have been well tested and validated. In fact, an analysis using a different severity model (Acute Physiology and Chronic Health Evaluation-III [APACHE-III]) 19 developed for ICU patients was also performed with basically the same results. Only the results with the disease-specific severity model were shown because the model fits were slightly better. On the basis of previous experience with similar studies, 10,14,15 a 2-year study period was selected. This was expected to maximize recovery of charts from medical records. However, 26% of charts were unavailable and this may be a potential source of bias. Details on endoscopic findings and endoscopic interventions were extracted from endoscopy reports. Given limited interobserver agreement in interpreting stigmata of hemorrhage, some of the patients may have been misclassified. However, any such misclassification would only have attenuated the associations between endoscopy and the outcomes. One obvious limitation to this study was that despite the fact that only patients in the ICU who were presumed critically ill Table 6 . Severity-adjusted associations of endoscopic and clinical factors with primary outcome measures in patients with upper GI hemorrhage from ulcers or Mallory-Weiss tears were included, outcomes such as death and readmission to the ICU were uncommon. Thus, the power to detect associations between endoscopy and these outcomes was fairly limited. Mortality for the 12 patients who did not undergo EGD was high, but these patients were excluded from further analysis because the majority of these patients had terminal illnesses. Decisions to withhold aggressive medical interventions were often made in these patients only after ICU admission.
As opposed to the previous studies 10, 14, 15 in which only the effectiveness of early endoscopy and therapeutic endoscopy was evaluated, the present study examined the effectiveness of other endoscopic factors such as the performance of appropriate endoscopic intervention (as defined by published guidelines 3 ) and inaccurate initial diagnosis. Thus, the results of the analysis are greatly dependent on the strengths of the study definitions and the accuracy of the data abstraction. The definitions of inaccurate initial EGD diagnosis and appropriate endoscopic intervention were made as unambiguous as possible. The data abstraction by the research nurses was found to be very reliable (kappa of 0.9) when gastroenterologists (A.C. and R.C.K.W.) independently reviewed charts. The strength of these definitions is illustrated by the fact that despite the fact that inaccurate diagnosis at initial EGD was present in only 20 patients and lack of appropriate intervention was present in only 33 patients, both these variables had strong associations with the measured outcomes. A cutoff of 200 admissions was arbitrarily selected to differentiate high volume hospitals from low volume hospitals. Comparisons based on hospital type (i.e., teaching vs. nonteaching) or endoscopist (i.e., gastroenterologist vs. nongastroenterologist) might have been more meaningful. However, CHQC research guidelines regarding confidentiality did not permit these types of comparisons.
In conclusion, the results of this study suggest that endoscopy is effective in the community setting for the management of patients admitted to the ICU with upper GI hemorrhage. The associations of endoscopic factors such as inaccurate diagnosis at initial EGD, lack of appropriate intervention at initial EGD, and presence of high risk stigmata with primary outcome measures underscore the importance of effective endoscopy. However, the findings that over 1 in 5 patients require repeat EGD and an accurate diagnosis is not obtained in 1 in 10 indicate that the efficacy of endoscopy in the community can be improved. Although one can only speculate as to why appropriate endoscopic interventions were not carried out or why an accurate diagnosis was not made, the results of this study suggest that it is necessary to continuously educate endoscopists in the management of upper GI hemorrhage. More objective endoscopic methods for making a diagnosis in patients with upper GI hemorrhage also need to be developed.
